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(54) Low power pulsed anode magnetrons 

(57) A low power pulsed anode magnetron is provided having a cylindrical cathode 22 centrally disposed 
within a plurality of radial anode vanes 46. A ratio of the anode-to-cathode space over the center-to-center 
distance between adjacent vane tips Is within a range between 0.95 and 1 .05, The cathode 22 and the polepiece 
24 are mechanically adjustable externally of the magnetron to reposition the cathode 22 and polepiece 24 with 
respect to the anode vane 46. The cathode 22 surface is formed from an active nicicel alloy which is cleaned by 
a chemical process followed by a high temperature and vacuum firing. An emissive surface is applied over the 
cleaned cathode surface. The output spectrum of the magnetron is calibrated by applying a sequential pulsed 
Input of increasing amplitude and adjusting the relative cathode-anode position until the frequency spectrum 
remains constant. 
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METHOD POR IMPROVING SPECTRUM QUALITY OF LOW POWER 
PULSED AMODE MAGNETRONS 



The present invention relates to low power 
pulsed anode magnetrons used to provide microwave energy^ 
and ^ more particularly ^ to a method for improving the 
output spectrum quality of the magnetrons. 

Low power pulsed anode magnetrons are commonly 
used to generate RF energy for assorted microwave 
applications such as airborne weather radar. The 
magnetrons commonly have a cylindrically shaped cathode 
centrally disposed a fixed distance from a plurality of 
radially extending anode vanes. The space between the 
cathode surface and the anode vane tips provides an 
interaction region, and a potential is applied between 
the cathode and the anode, forming an electric field in 
the interaction region. A magnetic field is provided 
perpendicular to the electric field and is directed to 
the interaction region by polepieces which adjoin 
permanent magnets. An internal heater is provided below 
the surface of the cathode, and by heating the cathode 
electrons are emitted thermionically . Electrons emitted 
from the cathode surface are caused to orbit around the 
cathode in the interaction region due to the magnetic 
field, during which they interact with an RF wave moving 
on the anode vane structure. The electrons give off 
energy to the moving RF wave, thus producing a high power 
microwave output signal. 

Traditionally, weather radar systems were primarily 
directed towards identifying and localizing areas of 
increased density, such as clouds or other aircraft. In 
such applications, spectral control is less critical than 
overall output power. However, modern radar systems have 
placed increased emphasis on identifying slight changes 
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in air pressure and utilize doppler effects to obtain 
greater detailed information. For example, wind shear 
can be identified through measurements of instantaneous 
changes of air pressure. To make these measurements, the 
5 radar system must detect very small frequency changes of 
the radar return signal. These operational demands have 
required that there be tighter control over the output 
frequency spectrum of the magnetrons than has been 
previously required. 

10 Most commercial pulsed anode magnetrons suffer from 

two related problems which tend to degrade the 
consistency of the output frequency spectrum. A first 
problem experienced is that of undesired side lobes. A 
side lobe comprises a secondary rise in amplitude at a 

15 peripheral portion of the output spectrum, which 
essentially increases the bandwidth of the spectrum. The 
side lobe draws power away from the usable spectrum, thus 
wasting a portion of the output power of the magnetron. 
Moreover, by increasing the spectral width, it is 

20 increasingly difficult to detect minor frequency changes 
in the radar return signal. 

A secondary problem facing commercial pulsed anode 
magnetrons is that of "twinning." The twinning 
phenomenon comprises the formation of a twin output 

25 signal, which duplicates a portion of the spectrum. In 
some cases, the problems do not surface until after the 
magnetrons have been deployed in operational radar units. 
The distorted signal can result in false readings by the 
operator of the radar system, which detects a phantom 

30 frequency shift caused by the presence of the twin 
signal. Output spectrums exhibiting the twinning 
phenomenon and the side lobes phenomenon are shown 
graphically in Figs. 1 and 2, respectively. 

35 
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Accordlng to one aspect of the Invention, there is provided a 
magnetron having a cylindrical cathode which is centrally disposed within a 
plurality of radially extending anode vanes, an Interaction region being 
provided between the surface of the cathode and the anode vane tips, a 
ratio of the anode to cathode space over the center-to-center distance 
between adjacent vane tips being within a range between 0.95 and 1.05. 



15 In a first embodiment of the present invention, the 

cathode is assembled to a magnetic polepiece assembly, 
which channels magnetic flux to the interaction region. 
The polepiece physically abuts a permanent magnet which 
provides the magnetic flux, and which is in turn 
20 supported by a magnetic plate. A plurality of mechanical 
set screws accessible from outside the magnetron case can 
be adjusted to apply pressure on the magnetic plate to 
reposition the cathode and polepiece with respect to the 
anode vanes. A deformable pole sleeve is secured to the 
25 polepiece and is mechanically assembled to an anode 
sleeve which supports the anode vanes. Adjustment of the 
magnetic plate position relative to the outer case 
permanently deforms the pole sleeve to maintain the 
cathode and polepiece in the adjusted position. 
30 In accordance with an altenruifive aspect of the present invention, a 

method for adjusting a low power pulsed anode magnetron is provided: a 
modulator provides an input signal to the magnetron, comprising a repetith^e 
sequence of three pulses of irKteasIng amplitude; the magnetron output 
spectrum Is observed by a spectrum analyzen Incremental adjustments are 
made to the magnetic plate until a consistent output spectrum is 
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observed in response to the ascending amplitude Input signals* 

In yet another aspect of the present Invention, a cathode surface is 
provided which is formed from an active nickel alloy, which is chemically 
cleaned and high temperature dry hydrogen fired, followed by a vacuum 
firing: an emissive material is then sprayed onto the cleaned cathode 
surface; the resulting cathode is substantially free of contaminant materials 
and has a smoother surface than that of conventional cathodes. 

Other aspects of the Invention are defined in the attached clams. 
For a better understanding of the Invention and to show how the 
same may be carried into effect, reference will now be made, by way of 
example, to the accompanying drawings, wherein: 



Fig. 1 is a graph showing ^he out:pu^ frequency 
spectrum of a low power pulsed anode magnetron exhibiting 
the problem of twinning; 

Fig. 2 is a graph showing the output frequency 
spectrum of a magnetron exhibiting the problem of 
excessive side lobes; 

Fig. 3 is a graph showing a proper output frequency 
spectrum of a magnetron in accordance with the teachings 
of the present invention; 

Fig. 4 is a sectional side view of a preferred 
embodiment of a magnetron of the present invention; 

Rg. 5 is a sectional top view of the magnetron as taken Just atK>ve 

the vanes in Rg. 4. 

Fig. 6 is an enhanced side view of a prior art 
cathode surface; 

Fig. 7 shows an enhanced side view of a cathode 
surface formed in accordance with a method of the 



present invention; 

Fig* 8 shows a method for calibrating the pushing 
value for a magnetron; and 

Fig. 9 shows a detailed top view of a portion of 
Fig. 5, showing the anode and cathode spacing. 

The present invention represents a significant Improvement over the 
prior art in that it is able to be implemented in one aspect to provide a 
low power pulsed anode magnetron for generation of microwave energy 
having improved spectral quality. An important feature of this aspect is 
the recognition that problems are due in part to the alignment and spacing 
of the cathode, anode vanes and polepiece. Further, the irregular surface 
of the cathode contributed to problems by producing an inconsistent electric 
field in the interaction region. The preferred embodiments provide 

modifications to traditional spacing of the magnetron 
components, an improved surfacing technique for the 
. cathode, and a method for calibrating the magnetron after 
assembly to correct for spacing inconsistencies. The 
combination of these solutions results in a magnetron 
having superior spectral performance over that of 
conventional magnetrons. 

Figs. 1 and 2 graphically illustrate the problems 
associated with conventional pulsed anode magnetrons. 
The graphs show magnetron frequency along the horizontal 
axis, and amplitude along the vertical axis. The 
twinning and side lobes are clearly evident in the 
spectrums of Figs. 1 and 2, respectively, as compared to 
Fig. 3 which is an ideal spectrum of a pulsed anode 
magnetron. A side lobe is shown at 5 of Fig. 2, and the 
twinning is shown at 7 of Fig. 1. The twinning comprises 
displaced lines from the main spectrum envelope. Each 
line represents the repetition rate of the applied pulse 
voltage, and the displacements occur when the beam in the 
interaction region shifts for that pulse period. 



Referring now to Figs. 4 and 5, there is shown a low power pulsed 
anode magnetron 10 which has an external case 12 which is enclosed by a 
bottom panel 14. The magnetron 10 is a relatively light weight and compact 
unit having an overall length of approximately two and one half inches. 

The magne'tron 10 has a cathode structure 20 with a 
cathode emitting surface 22. An anode structure, shown < 
generally at 40, surrounds the cathode emitting surface 
22, and includes a support sleeve 42, an anode ring 48 
and a plurality of anode vanes 46 extending radially 
inward from the ring 48. An opening 45 in the ring 48 
provides for the output of microwave energy from the 
magnetron 10. Each vane 46 has a tip 44 which faces the 
cathode emitting surface 22. An interaction region 16 is 
thus provided between the vane tips 44 and the cathode 
surface 22. An electric field is formed in the 
interaction region by providing a high positive voltage 
to the anode structure 40, which draws t:he thermionically 
emitted electrons from the emitting surface 22. 

The cathode structure 20 extends from and is 
physically secured to a central region of a magnetic 
polepiece 24. The polepiece 24 has a surface 28 which 
directs magnetic flux from a magnet 30 to produce a 
magnetic field in the interaction region 16. A second 
polepiece 26 is disposed opposite the first polepiece 24, 
and a magnetic field is formed between them. As known in 
the art, the direction of the magnetic field is generally 
perpendicular to the electric field formed between the 
cathode surface 22 and the anode structure. The 
intersection of the magnetic and electric fields causes 
the emitted electrons to spiral into orbit around the 
cathode 20 after being emitted from the cathode surface 
22. 

A pole sleeve 32 is affixed to the polepiece ends 25 
and extends over a portion of the magnet 30. The pole 
sleeve 32 is formed from a nonmagnetic metal material. 



such as monel^ The pole sleeve 32 has an elbow 34 
that extends radially outward forming a support flange 
36. The flange 36 supports an insulator ring 56 which in 
turn supports the anode support sleeve 42. Accordingly, 
the pole sleeve 32 is critical to alignment between the 
cathode surface 22 and the anode vane tips 44. 

Substantial improvement in magnetron performance has 
been demonstrated by implementing a combination of 
changes, including altering the anode to cathode spacing 
from that of conventional magnetrons. A standard 
parameter used in magnetron design is the ratio of a/p, 
in which a is the anode to cathode spacing, and p is the 
pitch comprising the center-to-center distance between 
adjacent vane tips according to the equation: 

„ . 2 71 R 
^" -IT 



where R is the radial distance from the center of the 
anode to the vane tip; and N is the number of vanes. 
These dimensions are shown graphically in Fig. 9. 

Conventional pulsed anode magnetrons typically use 
an a/p ratio below 0.95, which was believed to result in 
operating stability of the magnetron. It was generally 
believed that operating stability would degrade as a/p 
increased. However, it was discovered that the twinning 
was more prevalent at the lower values. Experimentation 
with magnetron design revealed that a ratio between 0.95 
and 1.05 yielded reductions in twinning. By increasing 
the space between the cathode and anode vane tips 
relative to the pitch, it is believed that the desired 
bunching of the orbiting electrons under influence of the 
magnetic field is more efficient. This results in 
greater electronic interaction within the interaction 
region. In the preferred embodiment, an a/p ratio of 
1.01 is utilized. 



It was further recognized that the difficulty in 
side lobe control increased as the desired pulse width of 
the nagnetron increased. Commercial demands had required 
pulse width increases from 5 to 18 microseconds. The 
modulators which provide the input pulse to the 
magnetrons were experiencing pulse droop, a condition in 
which current drops off at the end of the pulse. The 
pulse droop was determined to be a cause of the side 
lobes problem. The magnetrons can compensate for the 
pulse droop by adjusting the "pushing" value of the 
magnetron. Pushing is defined as a change in frequency 
for a given change in current amplitude, and is 
determined by the following equation: 



= ±£ ^ tan 6 - AJjgoN C 



/T cos 6 



where w is the 2n freqniency, hot; cag is the 2n frequency, 
cold; sg[uare root of L/C is the anode impedance; G is the 
real part of admittance which includes Q,^; and are 
space charge factors; a is the cathode-anode spacing 
(described above) ; g is the gap between the anode 
segments at the vane tips; B is the dc magnetic field 
strength; is the dc anode potential; i;^ is the 

electronic efficiency of a magnetron oscillator; 0 is the 
phase angle between space harmonic and space charge 
bunch; and I is the dc anode current per bunch per unit 
of length in the axial direction in a crossed-f ield tube. 

Although the magnetron components are manufactured 
to rigid tolerances, slight inconsistencies in material 
and assembly result in minute variations of the relative 
cathode and polepiece position, and would affect the 
pushing value. Thus, to adjust the final pushing value 
after manufacture, the magnetron 10 can be calibrated to 
adjust the a, B, Kj, and 6 values by manipulating the 



position of the cathode 20 and polepiece 24 relative to 
the anode vane tips 44. The adjustment to Kj, and $ 
have minor effect in comparison to the effect of changing 
a and B. 

In a preferred embodiment of the present invention^ 
the magnet 30 is secured to a magnetic plate 52. Rather 
than being directly secured to the bottom panel 14^ the 
magnetic plate 52 is offset from the bottom 14 by a 
plurality of set screws 54. The figures show there to 
be four set screws 54 spaced approximately 90 degrees 
apart, however, a larger or smaller number of set screws 
may be advantageously utilized as well. Other types of 
adjustment mechanisms can also be used. 

By rotating one of the set screws 54 clockwise, the 
position of the magnetic plate 52 will be shifted 
applying an upward pressure on the portion of the pole 
sleeve 32 in the quadrant of the selected set screw 54. 
The material of the pole sleeve 32 at the elbow 34 will 
tend to deform under the pressure of the set screw 
adjustment. Since the cathode 20 and polepiece 24 are 
joined together, it should be apparent that deformation 
of the elbow 34 will result in adjustment of 

position of both the cathode surface 22 and the polepiece 
24 relative to the anode vanes 46. 

To determine the extent of adjustment necessary, a 
method for adjusting the magnetron is provided. As shown 
in Fig. 8, the magnetron 10 is connected to a modulator 
which provides an input signal, and a spectrum analyzer 
is attached to an output of the magnetron to display the 
output spectrum of the magnetron. The modulator provides 
a periodic input signal comprising three sequential 
pulses of increasing amplitude. As described above, when 
the pushing value is properly selected, differing 
amplitude input signals will have no effect on the output 
frequency spectrum. 

The output signal viewed on the spectrum analyzer 
readily shows whether the pushing value is correctly 
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ad justed. If the value is out of adjustment, a shifted 
frequency spectrum will appear for each of the three 
input amplitude values. The operator will selectively 
adjust one of the set screws and determine whether the 
frequency shift is getting better or worse. If the shift 
is being made worse, the operator would then adjust the 
opposite set screw, disposed 180 degrees from the first 
set screw, to return the pushing value in the opposite 
direction* This procedure would then be repeated for the 
other two set screws. When complete, a single frequency 
spectrum will be viewed on the spectrum analyzer even 
though there are three sequential input pulses applied* 
To further improve the spectral performance of the 
magnetron, modifications to the cathode surface 22 are 
also employed. Referring to Figs. 6 and 7, an enhanced 
view of the cathode surface is shown. In the prior art, 
as illustrated in Fig. 6, the cathode surface is formed 
of an active nickel cylinder coated with passive carbonyl 
nickel powder* Active nickel is an alloy of pure nickel 
with activators, such as carbon, manganese, or silicon* 
The activators are added in a mixture ratio of *08%* The 
activators are intended to increase electron emission 
from the cathode surface 22* 

The passive nickel powder comprises pure nickel with 
significantly reduced levels of additional activators. 
The powder was sintered to the cylinder at a high 
temperature within a hydrogen atmosphere. Then, an 
emissive material was sprayed onto the coated cathode 
cylinder. An emissive material, known as Radio Mix No* 
3, is generally preferred for this application* Radio 
Mix No. 3 is a commercial product of the J.T. Baker 
Chemical Co*, and comprises a mixture of barium carbonate 
(57*3%), calcium carbonate (0*5%) and strontium carbonate 
(42.2%). The passive nickel coating provides a rough 
surface which was believed to improve the adhesive 
quality of the emissive material. Both large and small 
grain sizes of the passive nickel powder are used, as 
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shown in the figure. 
^ It has been discovered that this method of coating 

the cathode has a number of disadvantages. Firsts the 
^ passive nickel powder causes the applied emissive 

5 material to be relatively rough, which gives rise to 
nonuniform emission characteristics both from the cathode 
surface and from within the emissive layer. Second, the 
activators from the nickel surface cross over to the 
carbonyl nickel layer causing a region of high interface 
10 resistance. This resistance in the interface region 
tends to heat sections of the cylinder more than others, 
depending upon the distribution of activators and 
thickness variations of the carbonyl powder. 

The combination of nonuniform emission and high 
15 interface resistance causes changes in beam shape and 
position from one pulse to another. As the beam changes 
in the interaction region, there is a change in 
capacitance associated with the out-of-phase condition of 
the space charge and the RF current on the anode vanes. 
20 This causes a shift in frequency referred to above as 
spectrum twinning. 

To eliminate the nonuniform emission characteristics 
and resistivity, in the present embodiment the passive 
layer of carbonyl nickel is eliminated, allowing direct 
25 contact of the emissive coating to the active nickel 
support layer. This provides a smoother surface with 
less of an interface region which increases the emission 
quality of the cathode. To provide a clean, contaminant 
free cathode surface, the active nickel cylinder is 
30 processed by chemically cleaning the surface. Then, a 
^ dry hydrogen firing at 1,000«C for 30 minutes is 

conducted, followed by vacuum firing at 1,000*C for 30 
' minutes. This process cleans the cylinder of any 

contaminants, and makes it slightly less active. Then, 
35 the emissive coating is applied directly to the active 
nickel support layer, forming a smooth emitting surface. 
The synergistic effect of combining each of the 
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improvenents discussed above results In a nagnetron 
having significantly improved spectral characteristic 
over the prior art. The inventor has found that both the 
twinning and side lobes previously experienced have 
diminished significantly with implementation of these 
improvements . ' 

Having thus described a preferred embodiment of a method for 
improving the spectrum quality of a low power pulsed anode magnetron. It 
should be apparent to those skilled in the art that mjmenous alternatives, 
modifications, variations and uses will be apparent to those skilled In the a 
in light of the foregoing descriptton. 
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CLAIMS 

1. A magnetron, comprising: a cylindrical cathode 
having an emitting surface; and a plurality of anode 
vanes radially disposed around said cathode with an 
interaction region provided between said emitting 
surface of said cathode and innermost tips of said 
anode vanes, wherein a ratio of the distance between 
the anode tips and the cathode surface over the center- 
to^center distance between adjacent ones of the vane 
tips is within a range between 0.95 and 1.05. 

2. A magnetron according to claim 1, wherein said 
ratio is 1.01. 

3. A magnetron according to claim 1 or 2 comprising a 
magnetic poleplece Joined to said cathode, said 
polepiece directing magnetic flux to said interaction 
region* 

4. A magnetron according to claim 3 and comprising 
adjustment means for varying relative position of said 
polepiece and cathode with respect to said anode vanes. 

5. A magnetron according to claim 4, wherein said 
adjustment means comprises a magnetic plate joined to 
said polepiece, and a plurality of set screws 
accessible externally of the magnetron, each of the set 
screws applying an inward force on a portion of said 
magnetic plate. 

6. A magnetron according to claim 5 wherein the 
screws are arranged to apply force to respective 
quadrants of the plate. 

7. A magnetron according to claim 5 or 6 and 
comprising a deformable pole sleeve coupling said 
polepiece with said anode vanes, said pole sleeve being 
deformable under pressure by said set screws to secure 
said polepiece and cathode in an adjustable position. 

8. A magnetron according to any one of the preceding 
claims, wherein said emitting surface consists of 
active nickel and an emissive coating. 
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9. A magnetron according to any one of claims 1 to 8, 
wherein said emitting surface comprises active nickel 
on which an emissive coating Is deposited. 

10. A magnetron according to claim 9, wherein the 

5 coating has been deposited without the Interposition of 
material, providing direct contact of the coating with 
the active nickel. 

11. A magnetron according to claim 8, 9 or 11 wherein 
the emissive material Is Radio Mix No. 3. 

10 12. A magnetron according to any one of the preceding 
claims and which Is operable as a low power pulsed 
anode magnetron. 

13. A method of forming a cathode surface of a 
magnetron, the method comprising the steps of forming a 

15 cathode cylinder from an active nickel alloy, cleaning 
said cylinder by a high temperature dry hydrogen firing 
followed by a vacuum firing, and spraying an emissive 
material directly onto said cleaned cathode cylinder. 

14. A method according to claim 13, wherein the dry 
20 hydrogen firing is conducted at 1,000^C for 30 minutes. 

15. A method according to claim 13 or 14, wherein the 
vacuum firing is conducted at 1,000^C for 30 minutes. 

16. A method according to claim 13, 14 or 15, wherein 
the emissive material is Radio Mix No. 3. 

25 17. A method of any one of claims 13 to 16, wherein 
the cathode cylinder is substantially free of surface 
contaminants . 

18. A method according to any one of claims 13 to 17, 
wherein the cleaning step further comprises chemically 

30 cleaning the cylinder prior to the dry hydrogen and 
vacuum firings. 

19. A method of calibrating a low power pulsed anode 
magnetron, comprising a cylindrical cathode having an 
emitting surface, a plurality of anode vanes radially 

35 disposed around said cathode with a interaction region 
provided between said emitting surface and Innermost 
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tlps of said anode vanes, a magnetic poleplece Joined 
to said cathode, and adjustment means for varying 
relative position of said poleplece and cathode with 
respect to said anode vanes, wherein a ratio of the 
distance between the anode tips and the cathode surface 
over the center- to-center distance between adjacent 
ones of the vane tips Is within a range between 0.95 
and 1.05, said method comprising the steps of providing 
a modulated Input signal to said magnetron comprising a 
repeated sequence of a plurality pulses having 
sequentially Increasing amplitudes, monitoring an 
output spectrum of said magnetron provided In response 
to said Input pulses, and adjusting the position of the 
poleplece and the cathode until the frequency spectrum 
remains constant for each of the Input pulses. 

20. A method according to claim 19, wherein the 
plurality of pulses Is three pulses. 

21. A method according to claim 19 or 20 when applied 
to a calibrating magnetron according to claim 5, 6 or 
7, or any one of claims 8 to 11 when appended to claim 
4. 

22. A method according to claim 21, when appended to 
claim 5, wherein said magnetron further comprises a 
deforroable pole sleeve, the pole sleeve deforming under 
pressure by the set screws to secure the poleplece and 
cathode in an adjusted position. 

23. A magnetron substantially as hereinbefore 
described with reference to Figures 4, 5 and 9 of the 
accompanying drawings. 

24. A method of forming a cathode surface 
substantially as hereinbefore described with reference 
to Figure 7 of the accompanying drawings. 

25. A method of calibrating a magnetron substantially 
as hereinbefore described with reference to Figure 8 of 
the accompanying drawings. 
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